Principal component analysis (PCA) was applied to evaluate some of the potential factors contributing to Secchi depth (SD) in the oligotrophic alpine Lake Oze-Numa, using seven water quality parameters obtained during [1990][1991][1992] A time-series analysis of the SD records was applied to a simple estimation of the eutrophication rate of the lake.
In oligotrophic lakes without anthropogenic pollution, changes in SD would generally be difficult to recognize, because the pace of natural eutrophication would be slow compared with changes due to human generation. For example, SD in Lake Tahoe has not suffered any marked decline for almost 90 years from 1873 to 1962 (GOLDMAN and CARTER, 1965 . For that reason, little time-trend analysis of SD seems to have been conducted in oligotrophic alpine lakes, in contrast with many studies in eutrophic lakes in urbanized areas (HASLER, 1947; DAVIS, 1964) .
Concerning its validity as an index of eutrophication, SD is generally regarded as a good parameter of phytoplankton population in many lakes where SD closely correlated with the concentration of total phosphorus or chlorophyl-a (CARLSON, 1977; OECD, 1982) .
However, many factors other than phytoplankton, such as inorganic suspended solids and dissolved humic substances, are often recognized as contributing greatly to SD (LORENZEN, 1980; MEGARD et al., 1980 Figure 2 may be attributed in part to phytoplankton abundance.
In order to evaluate the validity of SD as an index of integrated water quality correlated with phytoplankton, the relationships between observed and predicted SD were compared.
Stepwise multiple linear regression analysis was performed for the prediction of SD, in which the analysis dependent variable was SD and the independent ones were TP, CHL and SS (Group 2). As a result of the analysis, SD was parameter measurement were meters in SD, mg-1-1 in SS and TP, and mg•m-3 in CHL. SD in the lake was regarded as a valid eutrophication index predicted by TP, SS and CHL, because a linear relationship was found between both SDs (Fig. 3, n=18, r=0 .821, P<0.001 ).
3-2.
Long-term change in SD for 1965- OHMORI and IKUSHIMA, 1988 ; HANAZATO and NOHARA, 1992 ). More precise ecological research will be necessary to clarify the factors affecting SD, especially in summer.
Consequently, the long-term decrease in SD in eq.2 is interpreted to be one of the eutrophication symptoms arising from tourism , since human activity has been limited strictly to tourism. Furthermore, no natural disaster that could cause an SD decrease has occurred in this area since 1965. It would be useful to evaluate the decreasing rate of SD as a simple index for the eutrophication rate in the lake. [TP] = 0.867 Yr -1711 (eq. 3, n=9, r=0.886, P<0 .001) where Yr was the calendar year. Although the TP concentration in the lake itself was not necessarily high compared with the oligotrophicc pool water in Ozegahara moor, which is well protected from the effects of human activities and shows TP concentrations of 2. 6-11.5 mgm-3 (SAKAMOTO, 1982) , the rate of increase in the lake was so high as to lead eq.3 to a prediction of a mesotrophic condition of 23.1 mg-m-3 by the year 2000.
External TP loads were examined for human inputs based on the TP contents of the meals at the hotels as well as for natural TP concentrations analyzed in stream, rain and snow water samples collected around the lake in 1979 (UJIIYE et al., 1981) . As a result, the TP load of human origin was estimated to be 69% of the sum of human and natural inputs. And 37% of total TP loads was calculated to remain in the sediment by the mass balance method.
The annual mean external TP load for 1982-1990 was estimated at 196.5 kg•yr-1, of which 137.9 kg•yr-1 was of human origin and the remaining 58.6 kg•yr-1 from natural causes. This estimate was based on the same calculation as in 1979 using the annual number of tourists and the amounts of annual precipitation and inflowing hydraulic load during [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . The annual mean specific surface load of TP (mg•m-2•yr-1) over that period was calculated to be 107 mg•m-2•yr-1, which was equal to the annual mean external TP load (196.5 kg•yr-1) divided by the lake surface area (OECD, 1982) . The load was not so much larger than that for representative oligotrophic deep lakes such as Lake Tahoe or Lake Superior (30-40 mg•m 2• yr-1), and was similar to that for oligomesotrophic deep lakes such as Lake Michigan Judging from the results in Figure 6 , phosphorus accumulated in the bottom sediments over many tourist seasons may have been Agency is equivalent to the TP concentration in 1979 from eq.3. This will be an acceptable value for maintaining Lake Oze-Numa as oligotrophic, taking into account the natural TP concentrations of streams and rain water of 2-5 mg-m-3 in the area (SAKAMOTO, 1982; YAJIMA et al., 1983) . Consequently, in order to preserve the lake at least in its present trophic condition, the annual TP load from tourism should be reduced to less than 88% every year based on the increased rate of TP concentration in eq. 3.
This would call for such effective measures as limiting the number of tourists, or reducing the external load from sewage-treatment or sewage-diversion systems.
